Beilschmiedia miersii (Gay) Kosterm. (Lauraceae) ("Belloto del Norte") is a little-studied tree endemic of the Central Zone of Chile. Hydrodistillation of leaves and stem bark of B. miersii yielded 0.2% essential oil. GC-MS analysis allowed identification of 31 components. The most abundant compounds were three phenylpropanoids: Sarisan (45.8%), eugenol methyl ether (27.7%) and safrole (5.8%). The oil of B. miersii showed high antioxidant content (TEAC: 750.8 ± 9.6 µmol/100 g of essential oil). The anti-phytopathogenic activity was evaluated against pathogens of plants: Fungi (Botrytis cinerea, Gibberella fujikuroi and Phytophthora cinnamomi) and bacteria: (Erwinia carotovora, Pseudomonas syringae and Agrobacterium tumefaciens). The oil showed antiphytopathogenic activity against all tested bacteria and fungi, especially against A. tumefaciens (IC 50 = 5 µg / mL) and P. cinnamomi (IC 50 = 200 µg / mL). This study demonstrates that the essential oil of B. miersii has great potential for applications in food and agricultural industries.
To date, there is very limited information about the chemical composition of this species (B. miersii) and the only available information dates from the 1970s. These reports mention the existence of flavonoids. The occurrence of the rare quercetin 5methyl ether, azaleatin, in the leaf of Beilschmiedia miersii has been confirmed. Also, quercetin 3-rhamnoside, quercetin 3-glucuronide and kaempferol 3-rhamnoside are in the leaf of this plant [3] and an isomer of myristicin, called Sarisan (1-allyl-2-methoxy-4,5methylenedioxy benzene) [4] .
However, there is more phytochemical information of essential oils from other species of this genus (Beilschmiedia), but still very limited. In B. pendula [5] the major component of essential oil from leaves and branches were terpenes (monoterpene hydrocarbons, sesquiterpene hydrocarbons and oxygenated sesquiterpens). Alkaloids ((+)-norboldine, (+)-N-methylisococlaurine, (+)-cassythicine, (+)-laurotetanine, (+)-boldine and (-)-pallidine and a new neoglican ((+)-kunstlerone) with antioxidant activity from leaves of B. kunstleri was determined [6] . From leaves of B. brevipes were also isolated other known alkaloids (O,O-dimethylcoclaurine, (6,7-dimethoxyisoquinolinyl)-(4'methoxyphenyl)-methanone, O-methylvelucryptine, armepavine, and norarmepavine) and a new benzylisoquinoline alkaloid [7] . Studies of B. Tsangii roots showed the presence of four new endiandric acid analogues, one new lignan (bielschminol B) as well as sesquiterpenes [8] . In general, it has been reported the isolation and characterization of various classes of secondary metabolites from different methods of extraction not only essential oils, of which endiandric acid derivatives, epoxyfuranoid lignans, kingianins (compounds with unique pentacyclic skeleton), and alkaloids exhibited antibacterial, anti-inflammatory, and anticancer activities and inhibited different enzymes. Endiandric acid derivatives, polycyclic fatty acids that possess among others also anti-asthmatic activity have been isolated only from plants of the genera Beilschmiedia and Endiandra [9] .In the vast majority of existing reports, biological properties have been reported for different types of isolated compounds, such as antibacterial [10, 11] , antiinflammatory [8] and antimalarial [12] activities; but there are no bibliographic records that account for anti-phytopathogenic activity.
This study reports the identification of secondary metabolites of the essential oil of B. miersii by GC-MS, such as sarisan, methyleugenol and safrole. In addition, it determines the major components present in the oil. We evaluated the biological properties of this endemic species, the antioxidant capacity and the oil cytotoxic capacity on six different plant pathogens: bacteria (Erwinia carotovora, Pseudomonas syringae and Agrobacterium tumefaciens) and fungi (Botrytis cinerea, Gibberella fujikuroi and Phytophthora cinnamomi). These Gram-negative bacteria and fungi are responsible for causing diseases of major economic importance around the world, affecting not only crops for consumption but also ornamental plants [13] [14] [15] [16] [17] .
From the previous studies of chemical compositions of essential oils of Beilschmiedia species (Table1), it can be observed that the major The essential oil of B. miersii was obtained by hydrodistillation of air-dried aerial parts (leaf and stem bark) with a yield (w/w) of 0.2 % as a yellow essential oil. The analysis by GC-MS of B. miersii essential oil (table 2) , allow us of the identification of 31 compounds; nine monoterpenoids, twelve sesquiterpenoids, and three phenylpropanoids: Sarisan (45.8 %), eugenol methyl ether (27.7 %) and safrole (5.8 %), as the main compounds in the essential oil. The essential oil was characterized by high contents of phenylpropanoids and low contents of terpenoids. A previous work reported differences that account for the composition of essential oil of leaves of B. miersii, we identify different abundances and components in essential oil of the same species, especially with phenylpropanoids. Leaf oil: sarisan, myristicin, elemicin, asarone [4] ; Leaf oil: germacrene D (24.8 %), α-terpinene (10.0 %), γcurcumene (9.6 %), 1-octen-3-yl acetate (8.2 %), (E)-β-ocimene (6.4 %; [19] ). These differences in the composition of the oils may be related to the type of sample (leaves, branches or mixture thereof), the physical variables (related to the geographical location), as well as the physiological status (metabolome) of each individual sampled.
Terpenoid constituents such as monoterpenoids and sesquiterpenoids were identified in essential oil of B. pendula [5] , another specie of this genus (Beilschmiedia), β-pinene (10.4%) and β-caryophyllene (17.3%) were obtained as main constituents in leaf and branch oil, respectively. However, these kinds of compounds were minor components in B. miersii (0.6% and 0.4%, respectively). Phenylpropanoid was the most dominant group in the oil of B. pulverulenta amounting to 51.1% with eugenol (45.3%) and eugenol acetate (5.6%) as the main components [18] . Similarly, phenylpropanoid was the principal group in essential oil from B. miersii (79.3%) with sarisan (45.8%), eugenol methyl ether (27.7%) and safrole (5.8%) as main components.
The mass spectrum of sarisan is very similar to myristicin, although its retention indices (RI) are different, but only one compound was found. The inequivocal characterization of sarisan was based on NMR data reported in literature compared with the 1 H-NMR spectrum of the essential oil obtained in this work. Two singlet signals to δ 6.52 and 6.65 ppm for the aromatic ring indicated the presence of sarisan because these values are closed to the reported in literature (δ 6.53 and 6.67 ppm [23] ) but not to the reported for myristicin [24] with two doublet signal to δ 6.35 and 6.38 ppm and J = 1.6 Hz for the aromatic ring. The essential oil of B. miersii was tested for inhibitory activity against three plant pathogenic bacteria: Agrobacterium tumefaciens, Erwinia carotovora and Pseudomonas syringae. Different concentrations of essential oil were incubated with the bacteria in the corresponding growth media.
Results indicated that while the antibiotic used (streptomycin) exerts a potent inhibitory effect on the growth of the three bacteria tested, the essential oil of B. miersii has a growth inhibitory effect in most cases greater than or equal to 40% during the first kinetic. Thereafter, the growth inhibiting effect decreases during the second kinetic for the cases of E. carotovora (<40%) and P. syringae (<20%) ( Figure 1 ). However, the A. tumefaciens culture continued depressed presenting close inhibition values to 90% when the bacterial culture was subjected to the presence of 5, 10, 25, 50 and 100 µg/mL of essential oil for 6 h in the first kinetic. This results show that the cytotoxic effect of essential oil B. miersii, is similar in the cases of E. carotovora and P. syringae but very different in the case of A. tumefaciens, indicating that the likely mode of action of the oil over the bacterial culture is independent of their cell membrane organization, considering that the three microorganisms tested are Gram negative bacteria.
On the other hand, the experiment of second kinetic indicates that the inhibitory effect of oil on the growth of Agrobacterium corresponds to a bactericidal effect, unlike the bacteriostatic effect observed in cultures of E. carotovora and P. syringae exposed to essential oil under the experimental conditions tested with concentrations up to 100 µg/mL of oil. Considering that the IC 50 (Table 3 ) value in E. carotovora and P. syringae cultures is equal or close to 100 µg/mL, exposure to a higher concentration of essential oil (200 µg/mL) resulted in an increase (close to 80%) in the percentage of inhibition of these cultures (data not shown).
The results suggest that active compounds are present in essential oil of B. miersii. The oil is able to affect bacterial growth and this effect is dose dependent. From the results of inhibition assays of mycelial growth of the three pathogenic fungi in the study (Figure 2 ), a concentration dependency can be observed regarding the cytotoxic effect. The graphs obtained ( Figure 3 It should be noted that complete inhibition (100%) was observed for the growth of P. cinnamomi with to 300 µg/mL of oil, independently of incubation time, indicating a probable fungicidal effect observed at this concentration of oil.
Antimicrobial activities of the essential oils from species belonging to Lauraceae family have been reported before but there are no reports about anti-phytopathogenic activity. The major components of Beilschmiedia essential oils such as sarisan [25] , eugenol methyl ether [26] and safrole [27] have been reported to have antibacterial/antifungal activities, therefore they could be responsible for the observed results of the essential oils [28] . Indeed, there are synergistic and antagonistic interactions between the essential oils components [29] . The modes of action of essential oils are different for bacterial and fungal species. Different oil components may be active against different microorganisms. The antimicrobial activity of essential oils can be attributed largely to the major groups of compounds found in them: monoterpenes, sesquiterpenes and nonterpene components such as phenylpropanoids. The mode of action of the essential oils was investigated and suggested that the antimicrobial activity is produced by effects on microbial membranes and/or interactions in the enzymatic systems related with energy production and in the synthesis of structural components of the microbial cells. Higher levels of antimicrobial activity were associated with hydrogenbonding parameters. Phenolics compounds have also been subjected to such analysis, with the hydrophobic property being identified as the main determinant of antibacterial activity [30] .
Currently, there is growing interest in the development of safe and effective natural food preservatives. However, the prevention of microbial contamination and food oxidation is usually achieved by synthetic food preservatives. These synthetic food preservatives can be categorized mainly into two general types, antimicrobials that inhibit the growth of microbes, and antioxidants that slow the air oxidation of fats and oils in foods [31] . But these synthetic food preservatives (BHA, BHT) are suspected to be potentially harmful to human health with growing concern of emergence of multidrug resistant microbes [32] Essential oils have significant advantages for their non-accumulative effect due to its volatility and remarkable antioxidant activity of some of them [33, 34] and may be good alternatives for use in active packaging.
The results of antioxidant content (TEAC: µmol eq. Trolox™/100g of essential oil) was 750.8 ± 9.6 µmol/100 g, this value being nearly twice the values obtained for other essential oils [35] . DPPH is a widely used method for testing preliminary free radical scavenging activity of essential oils, compound or a plant extract. The effects of antioxidants in the DPPH radical scavenging test reflect the hydrogen donating capacity of a compound. According to literature, the essential oil from B. pulverulenta revealed a DPPH radical scavenging activity as IC 50 value of 94.5 µg/mL which to be compared with B. miersii (750.8 ± 9.6 µmol eq. Trolox™/100g of essential oil) should be measured under the same conditions [27] . This activity should be the result of minor compounds in the essential oil because methyleugenol, sarisan, and safrole do not have free hydroxyl groups in the molecule, and therefore these do not exhibit radical scavenging activity.
The results show that the essential oil of B. miersii is mainly composed of phenylpropanoid and that this species has a potential use, unexplored in agronomy to control important pests, such as P. cinnamomi.
This study provides new information on this tree and indicates that depending on the concentration used of the essential oil of B. miersii it is possible to observe bacteriostatic or bactericidal effects and fungistatic or fungicidal effect under in vitro conditions and use this information for further exploring the potential nutraceutical and agricultural applications of this specie.
Experimental
Plant Material: The aerial parts of B. miersii were collected in Quilpué (33°02'29.8"S 71°27'03.6"W), V region, Chile, in July 2013 and authenticated by Mr. Patricio Novoa, (Head of the Horticulture Department, Fundación Jardín Botánico Nacional, Viña del Mar, Chile). Fresh leaves and branches were collected, washed under running tap water, and used immediately after extracting the essential oils.
Essential Oil Extraction:
The samples were air dried, and crushed. The essential oil was extracted by hydrodistillation (2 hours) in a modified pressure cooker distiller. The essential oil was collected over water, separated and dried over anhydrous sodium sulfate and stored in dark glass bottle (sealed brown vials) at 4 °C until the chemical analysis and biological activities were performed. The oil yield (w/w) was 0.2% for a mix of leaves and branches based on fresh weight-basis.
Gas chromatography/mass spectrometry:
A Thermo Scientific GC-MS system (GC: model Trace GC Ultra and MS: model ISQ) was used for analysis of the sample. The separation was performed on a 60 m × 0.25 mm internal diameter fused silica capillary column coated with 0.25 μm film Rtx-5MS. The injector and the detector temperatures were respectively 250 and 220°C. The oven temperature was held at 40°C for 5 min, and programmed from 40 to 220°C at 5°C/min and finally maintained at 220°C for 8 min. Mode split less injection, Helium was used as carrier gas, and flowrate was 1.3 ml/min. The mass spectra were recorded over a range of 40-400 atomic mass units at 0.2s/scan. Solvent cut time was 10 min. Ionization energy was 70 eV. The inlet and ionization source temperature were 220°C. The chemical composition of the oil was identified by comparing their spectra with those of a NIST08 library and confirmed by comparing their retention indices with data published in various literatures [36] .
Antioxidant activity as Trolox™ Equivalent antioxidant content (TEAC):
The antioxidant content was evaluated by measuring the scavenging activity of the examined essential oil on 2,2-diphenyl-1picrylhydrazyl (DPPH) radicals as described [35, 37] , with modifications to adapt the screen for 96-well plates. A Thermo Scientific Multiskan GO 96-well plate photometer was used for analysis of the sample. Stock solution of essential oil was prepared in methanol at a concentration of 10 mg/mL. Dissolution (5 mg/mL) was prepared from stock solution to the assay. Methanol (90 μL), each dissolution (150 μL), and DPPH (60 μL, Sigma-Aldrich) in methanol (0.5 mM), resulting in a final concentration of 0.1 mM DPPH, were added in a 96-well plate. Methanol was used as the blank sample. The mixtures were left for 30 min at 25°C and the absorbances were then measured at 517 nm. The antioxidant content was determined using a standard curve of Trolox™ (Aldrich) (0-0.05 mM) and each solution was treated in equivalent conditions to the essential oil. The average of three values was obtained, expressed as µmol of Trolox™ equivalent antioxidant content (TEAC) per 100 g of essential oil using the regression equation, obtained from the calibration curve: In Vitro Antibacterial Activity Assays: Liquid-dilution methods were used to evaluate the effect of essential oil of B. miersii, on the growth of Erwinia carotovora (NCPPB 312), Agrobacterium tumefaciens (strain C58C1) and Pseudomonas syringae (NCPPB 281). Bacteria were grown in sterile tubes with 10 mL of Müller-Hinton (MH) broth and incubated at 27 °C for 12 h with shaking to produce an initial culture. The antimicrobial activity of the essential oil was evaluated by observing the growth response of both microorganisms in samples with different concentrations [38] [39] [40] . All assays were realized on sterile 96-well microplates with a final volume of 200 µL containing MH broth inoculated with 1 µL aliquots of bacterial suspension (105-106 UFC/mL, initial culture) in the presence of different concentrations of essential oil (5, 10, 25, 50, and 100 µg/mL). MH broth was used as negative control [C(−)] and MH broth with streptomycin [41] was used as positive control [C(+)]. The plates were incubated for 6 h at 27 °C. Bacterial growth was monitored by measuring the optical density at 595 nm every hour with a microplate reader. All tests were performed in ten repetitions for each microorganism evaluated. Bacterial growth was shown as the arithmetic mean expressed in terms of the negative control (100% growth). The lowest concentration of essential oil preventing appearance of turbidity was considered to be the minimal inhibitory concentration (MIC). The first experiment (first kinetic assay) in which the essential oil was exposed to the bacterial cultures in MH was carried out for 6 hours. Subsequently, to determine the minimal bactericidal concentration (MBC), a second experiment (Second kinetic assay) was conducted which involved taking inoculum from the first kinetic assay and adding it to the MH culture medium prepared in a new 96-well microplate which was then cultured for 6 hours; The aim of this second culture (second kinetic assay) was to observe and quantify the ability of bacterial cultures to recover from the cytotoxic effect caused by the essential oil, which is evidenced by the presence or absence of bacterial growth. This second experiment allows a more accurate conclusion to be reached: if the bacterial culture's growth declines with respect to the culture of the first kinetic assay, then it is related to a bactericidal property. If, on the other hand, the growth continues in line with that of the culture of first kinetic assay, then it is related to a bacteriostatic property.
In Vitro Fungicidal Activity Assays: A virulent isolate of Botrytis cinerea obtained from naturally infected grape berries [42] was prepared and maintained by plating on potato dextrose agar at 5 °C. Phytophthora cinnamomi was kindly provided by Instituto de Investigaciones Agropecuarias (INIA, La Platina, Santiago, Chile). The fungus Gibberella fujikuroi (IMI 58289) was kindly provided by Dr. B. Fraga, Natural Products and Agrobiology Institute, CSIC, Canary Islands, Spain. The agar-dilution technique was used to evaluate the effect of the essential oil of B. miersii on the growth of P. cinnamomi [43] , G. fujikuroi [44] and B. cinerea [45] . Fungicidal activity assays of the oil was performed in microcultures by growing the fungi in sterile Petri dishes (35 mm) at a final volume of 2 mL medium containing different oil concentrations. Clarified V8 (Campbell Soup) medium containing metalaxyl [46] for P. cinnamomi or PDA medium for B. cinerea and G. fujikuroi with Captan [45] was used as positive control [C(+)], or without fungicide as negative control [C(−)]). The medium in each slot was then inoculated with a small block (4 mm) of clarified V8 or PDA medium containing fungal hyphae excised from the edge of an actively growing culture. The fungal growth was monitored at different times (24-72 hours). To determine the growth of mycelium in the agar plate, the surface of the mycelium was measured using Sigma Scan Pro 5 software. The final results are expressed a percent growth inhibition, calculated according to the control without fungicide. Each treatment was independently performed in triplicate.
Statistics:
A one-way ANOVA was performed to identify significant differences among the treatment and control groups. Tukey's honest significant difference test was applied to compare the means of every treatment against the control and simultaneously establish their significance. All data are presented as mean ± standard deviation (mean ± S.D.).Significant P-values were indicated with stars (* P < 0.05, ** P < 0.01, *** P < 0.001).
